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PREFACE 


The National Center for Earthquake Engineering Research (NCEER) is devoted to the expansion 
and dissemination of knowledge about earthquakes, the improvement of earthquake-resistant 
design, and the implementation of seismic hazard mitigation procedures to minimize loss of lives 
and property. The emphasis is on structures and lifelines that are found in zones of moderate to 
high seismicity throughout the United States. 


NCEER’s research is being carried out in an integrated and coordinated manner following a 
structured program, The current research program comprises four main areas: 


e Existing and New Structures 

¢ Secondary and Protective Systems 
Lifeline Systems 

e Disaster Research and Planning 


This technical report pertains to Program 1, Existing and New Structures, and more specifically 
to geotechnical studies. 


The long term goal of research in Existing and New Structures is to develop seismic hazard 
mitigation procedures through rational probabilistic risk assessment for damage or collapse of 
structures, mainly existing buildings, in regions of moderate to high seismicity. The work relies 
on improved definitions of seismicity and site response, experimental and analytical evaluations 
of systems response, and more accurate assessment of risk factors. This technology will be 
incorporated in expert systems tools and improved code formats for existing and new structures. 
Methods of retrofit will also be developed. When this work is completed, it should be possible to 
characterize and quantify societal impact of seismic risk in various geographical regions and 
large municipalities. Toward this goal, the program has been divided into five components, as 
shown in the figure below: 


Tasks: 


Program Elements: 


Seismicity, Ground Motions 
and Seismic Hazards Estimates 


Geotechnical Studies, Soils 
and Soil-Structure interaction 


“System Response: | 
Testing and Analysis 


Reliability Analysis 
and Risk Assessment 
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Expert Systems 


Earthquake Hazards Estimates, 

Ground Motion Estimates, 

New Ground Motion instrumentation, 
Earthquake & Ground Motion Data Base. 


Site Response Estimates, 
Large Ground Deformation Estimates, 
Soil-Structure interaction. 


Typical Structures and Critical Structural Components: 
Testing and Analysis; 
Modern Analytical Tools. 


Vulnerabilty Analysis, 
Reliability Analysis, 
Risk Assessment, 
Code Upgrading, 


Architectural and Structural Design, 
Evaluation of Existing Buildings. 


Geotechnical studies constitute one of the important areas of research in Existing and New 
Structures. Current research activities include the following: 


Development of linear and nonlinear site response estimates. 

Development of liquefaction and large ground deformation estimates. 
Investigation of soil-structure interaction phenomena. 

Development of computational methods. 

Incorporation of local soil effects and soil-structure interaction into existing codes. 


ee 


The ultimate goal of projects concerned with geotechnical studies is to develop methods of 
engineering estimation of large soil deformations, soil-structure interaction, and site response. 


In this report, the authors use a standard technique, the standard penetration test (STP), to 
evaluate liquefaction as it applies to the city of Buffalo, New York. The use of a probabilistic 
variant of the method in this type of evaluation represents an approach which is becoming more 
widely used. 
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ABSTRACT 


The potential for earthquake-induced liquefaction of cohesionless sediments in Buffalo, 
New York was calculated from geotechnical data using a probabilistic method. The 
essential geotechnical data used were the standard penetration number, the depth of 
ground water and the grain size of the soils. Although the selected area of this study 
(approximately 48 square miles) has a moderate amount of seismic activity, it was found 
that the probability of liquefaction is generally less than 10 percent for a peak ground 
acceleration of 0.15 g. An area about 2 square miles trapped between Lake Erie and the 
Buffalo River, however, was found to have a moderate potential (probability 10-50 


percent) for liquefaction. 
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SECTION 1 
INTRODUCTION 


Liquefaction-induced ground deformation and failure can cause extensive damage to 
structures and lifeline utilities as attested, for example, by the Great Alaskan earthquake in 
1964 and the San Francisco earthquake in 1971. Thus, a knowledge of the location of 
potentially liquefiable soils in seismicity active areas should be an integral part of an 
earthquake hazards reduction program. The term liquefaction is commonly used to define 
a condition in which a saturated cohesionless soil is transformed from a solid condition to a 
viscous fluid condition by dynamic loading. Some areas in the city of Buffalo, especially 
along the waterfront of Lake Erie and the Buffalo River, contain loose cohesionless 
sediments. These types of sediments generally have very high potential to liquefy if the 


ground water level is at or near the ground surface. 


In this report, an evaluation of the potential for earthquake-induced liquefaction of 
sediments in the City of Buffalo, New York is presented. The study area selected, based on 
a preliminary study of the geology and the seismicity of western New York, is shown in 
Figure 1-1. Preliminary findings for a portion of the selected area were reported in 


NCEER Technical Report NCEER-87-0009 (Budhu et al., 1987). 
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FIGURE 1-1 Site Location Encompassing the City of Buffalo 


1-2 


SECTION 2 
GEOLOGIC CONDITIONS OF STUDY AREA 


2.1 Area Seismicity 

The eastern United States and Canada are in an intraplate zone of moderate seismic 
activity. Looking at event with Modified Mercalli intensities greater than or equal to VII, 
these are located in Quebec (La Malbaie), the zone from northern New York to Kirkland 
Lake, Boston, New Madrid, Charleston, Attica and Massena, and a few other, apparently 
isolated events. Four active seismic zones in the eastern United States and Canada have 
been identified by Sbar and Sykes (1977): a northwest trending belt from northern New 
York to Kirkland Lake, Ontario; a north- northwest trending zone from Boston, 
Massachusetts through central New Hampshire; a cluster of activity approximately 130 km 
northeast of Quebec City and the Attica-Dale region of western New York (Figure 2-1). 
Additional zones of moderate seismic activity in New York are present in western Lake 
Ontario, the Adirondack mountains and the Hudson highlands. Figure 2-2 shows 
epicentral locations and Modified Mercalli intensity values for historical New York State 
earthquakes. A listing of historical earthquakes from 1737 to 1977 along with hypocenter, 


time, date, and intensity information is presented in Appendix A (after Stover at al., 1981). 


According to Barosh (1985), earthquakes in the eastern U.S. are due to coastal 
downwarping, adjacent bulging, and interior subsidence caused by widening of the Atlantic 
basin. All major historical earthquakes have occurred within or near these zones. Two sets 
of fracture zones are related to the opening of the Atlantic basin; an initial set of 


north-trending fractures and a subsequent set of northwest-trending fractures. 
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FIGURE 2-1 Eastern United States Selsmicity. Shaded Areas Depict Seismicity Zones 
of Sbar and Sykes (1977). After Barosh (1985). 
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Earthquakes in New York generally occur where the two fracture zones intersect belts of 
vertical movement (Barosh, 1985). Analysis of the geographic distribution of earthquakes 
in New York since 1720 and the seismic energies released by these earthquakes as a 
function of time indicates a cyclical nature of earthquake occurrence (Mitronovas and 
Nottis, 1985). According to Mitronovas and Nottis (1985), secular variations in seismicity 
throughout New York do not occur randomly but instead reflect the forces which trigger 
the seismicity. Sbar and Sykes (1977) proposed the existence of different stress domains in 
the eastern and central United States. A domain of ENE oriented horizontal compressive 
stress extends approximately from Hudson Bay on the north to the Mississippi embayment 
on the south. This zone possibly ranges westward to the Rocky Mountains and eastward to 
Baffin Island. This stress domain is characterized by dominantly normal faulting near the 
Mississippi embayment and thrust faulting to the north of the embayment. The ENE stress 
orientation is relatively uniform from Ohio to eastern New York and southern Ontario, 
with the exception of the Attica-Dale area. The Attica-Dale stress domain trends WNW as 
evidenced by fault plane solutions, hydrofracture stress measurements, and pop-ups (Sbar 
and Sykes, 1977). The origin of this deviation is unknown, but may be attributable to past 


earthquakes. 


The Attica-Dale area is the site of the largest earthquake recorded in western New York. 
This earthquake occurred on August 12, 1929 and had a Modified Mercalli intensity of VII 
and an estimated magnitude of 5 to 6. Its principal shock had a duration of 12 seconds and 
tremors occurred for six minutes. The earthquake was experienced over an area of 130,000 
square kilometers (Fletcher and Sykes, 1977). The overall damage incurred by this 


earthquake was slight. However, the effects were strongly felt at some locations 


throughout the area (Buffalo Courier Express, 8/13/29). The seismicity of the Attica-Dale 
area is attributed to the Clarendon-Linden fault system (Figure 2-3). This system is a 
north-northeast trending 5 to 15 kilometer wide zone of steeply dipping reverse and normal 
faults in Precambrian basement and lower Paleozoic bedrock (Fakundiny et al., 1978). 
Vertical offset is estimated to range between 30 and 90 meters in Ordovician through 
Devonian rocks (Hutchison et al., 1979). The Clarendon-Linden fault zone extends from 
north of the Pennsylvania border to Lake Ontario. Seismic and magnetic data indicate that 
the fault zone continues beneath Lake Ontario as the Scotch Bonnet Rise, and for an 
additional 100 kilometers into the Bancroft area of southern Ontario (Hutchison et al., 
1979). The Clarendon-Linden fault system is perhaps the longest and oldest active fault in 
the eastern United States as evidenced by activity over several intervals (Fakundiny et al., 
1978). Fakundiny et al., (1978) suggest the following evidences for the Clarendon-Linden 
activity (1) aeromagnetic anomalies suggest strike-slip movement in Precambrian basement 
rocks; (2) thickened Trenton group carbonate rocks to the east of the fault system indicate 
growth faulting during Ordovician time; (3) the system forms an open down-to-the-west 
monoclinal fold above Silurian bedrock; and (4) intermittent activity may have occurred 


during Pleistocene time. 

2.2 Bedrock Geology 

Precambrian Canadian Shield rocks consisting of metagabbros, granites, marbles, and 
mafic rocks are exposed approximately 150 kilometers to the north of the study area 


(Fakundiny et al., 1978). It is probable that this suite of crystalline rocks also underlies the 


sedimentary section of western New York. Exposed bedrock ranges in age from Late 
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FIGURE 2-3 Clarendon-Linden Fault Zone. (After Van Tyne, 1975). 


Silurian to Middle Devonian. Lower Devonian rocks are not represented in the 
stratigraphic record. Sedimentary rocks have a regional southerly dip of approximately 40 
ft. per mile (Buehler and Tesmer, 1963). Figure 2-4 shows area bedrock and Figure 2-5 
shows elevations of the bedrock surface. Several channels have been incised into this 
surface. Two main channel systems are located generally in the present Scajacquada Creek 
and Buffalo River drainage basins. The origin of these channels is uncertain. Some or all 
may be relicts of subaerial drainage during interglacial intervals. However, some may be 


products of subglacial meltwater movement. 


2.3 Surficial Geology 


A surficial geologic map and a fence diagram of the study area are shown in Figure 2-6 and 
Figure 2-7 respectively. General descriptions of the sediments were compiled from drilling 
logs. Sediment descriptions and in-situ density values given on drilling records have been 
interpreted to correlate major depositional units and formulate a general geologic 
description of the study area (Table 2-I). Regional deposits are designated as units 1 
through 4, youngest to oldest, respectively. Unit 4 is divided into sub-units 4A and 4B to 
denote facies change. Localized deposits (i.e. channel deposits) are not numerically 


designated. 


The Main Street channel is filled with sand and gravel deposits that are course in upper 
reaches and grade to fine sand at the south end of the system. Lenses and thick seams of 
silty sand are interfingered between the bedrock and Unit 4 at the south end of the Main 


Street-Buffalo River bedrock channel. Sediments in this system range in thickness from 2 
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FIGURE 2-4 Bedrock Formations of Study Area. After Buehler and Tesmer (1963). 
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FIGURE 2-5 Bedrock Elevations. Arrows Show Flow Directions of Bedrock Channels. 
(1) Main Street-Buffalo River Channel; (2) Scajacquada Creek Channel. 
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FIGURE 2-6 Surficial Geologic Map of Buffalo 
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FIGURE 2-7 Fence Diagram of Study Area. See Table 2-1 for Explanation of Unit 
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to 80 ft. The Scajacquada Creek channel is filled with gravelly sand which overlies an 
approximately 12 ft thick layer of diamict. Sediments in this system typically consist of firm 


to very compact gravelly sand and sandy gravel with a trace of silt. 


2.4 Disturbed Sediments 


Surficial deposits have been disturbed by dredging and landfilling at many locations 
throughout the waterfront area (Figure 2-8). A network of inland waterways, canals, and 
slips were constructed in the 1800’s in the Tifft Street, Black Rock Harbor, and Buffalo 
Harbor areas. These inland waterways were filled in the early 1900's as alternate 
transportation systems were implemented. The present Lake Erie shoreline has been 
extended 600 to 800 ft. lakeward of its natural position by extensive filling since the 1800’s. 
Off-shore deposits are presently being dredged or filled over by Army Corps of Engineers 


diked disposal area projects. The fill consists of dredgings and debris. 
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Table 2-I. General Stratigraphic Sequence of the Study Area in Buffalo. 


Description 


Layered clayey silt and silty clay, grey, 


with fine stones; firm to very dense. 


Interbedded diamict” consisting of till, 
stony silt/clay, and sand; silt and clay 


stiff to hard; sand compact to dense. 


15-20 ft. Silty clay brownish-grey; with sand 


5-6.5 m laminae and fine stones; stiff to hard. 


Layered clayey silt and clay with trace 
clay; grey to greyish brown; medium to 
|soft; rhythmically bedded in areas. 
Silty clay with fine sand laminae; 


red-brown to grey; soft to stiff; 


rhythmically bedded in areas. 


Notes: 


* Diamict is a non-genetic tern meaning a “poorly sorted, unlithified gravel-sand-mud 
admixture" (Eyles, 1983). 
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FIGURE 2-8 Locations of Filled Areas. Shaded Zones Depict General Areas of 
Waterfront Land Created by Landfilling. 
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SECTION 3 
LIQUEFACTION POTENTIAL EVALUATION 


3.1 The Influence of Geologic Setting 


The primary geologic criteria of liquefaction susceptibility are (1) depositional age, (2) 
depositional environment, (3) depth of burial and (4) water table depth (Youd and Hoose, 
1977). Liquefaction due to earthquakes has rarely, if ever, been observed in deposits older 
than Pleistocene. This is primarily due to induration of units with age via processes of 
intergranular cementation and by overburden preconsolidation in the case of glaciated 
terrains. In general, fluvial and deltaic sediments are most susceptible to liquefaction. 
Other types of deposits sensitive to liquefaction include alluvial fans, plains, beaches, 
terraces, playa, and estuarine deposits. In these deposits, liquefaction does not occur as 
commonly as in fluvial and deltaic sediments. The process of deposition is an important 
factor in the sorting and density of a sediment. Fluvial and deltaic sediments typically have 
a lower percentage of fines (clay and silt size particles) than other water-laid deposits (with 
the exception of beach deposits) because of relatively greater current velocities during their 
deposition. A high percentage of fines lends some cohesion to a sediment and thereby 
increases its shear strength. The depth to the water table, or height of the saturated soil 
column, is one of the critical factors in determining liquefaction susceptibility. 

Cohesionless soils with perched water zones are likely to be as susceptible as zones beneath 
the actual groundwater table. However, perched water tables are less likely to cause 


extensive damage due to their isolated occurrences, 


3.2 Field Test to Determine Liquefaction Susceptibility 


In current practice, the potential of a soil to liquefy is related to the Standard Penetration 
Test (SPT) (ASTM D1586-84). The SPT test involves the dropping of a hammer of a 
certain weight from a fixed height and counting the number of blows required to penetrate 
each of 3 six inches of a split sampling tube of length 18 inches into the soil. The SPT 
number called the N-value is the average number of blows for the last 2 of 6 inches of a full 
penetration of 18 inches. ASTM D1586-84 standard (referred to in this report as the 
standard) stipulates that the hammer should weigh 140 Ibs. and the height of fall should be 
30 inches. There are many shortcomings of the SPT which raise doubts on its usefulness as 
a reliable test not only for liquefaction studies but also for soil properties determination. 
Nevertheless, the SPT is a simple test, a large body of test data is available and SPT 


numbers (N) have been correlated to sites which have liquefied. 

In order to make use of the available SPT data (many from non-standard tests, that is, the 
weight of the hammer, the height of the drop and the drive systems vary from ASTM 
(D1586-84), the N values were corrected for a hammer energy ratio of 60%, Ngo, (Seed et 
al., 1984), and to an effective overburden pressure of 1 ton per square foot, N1(60), (Seed 
et al., 1983). For this study, N values were corrected as shown in the following sections. 


3.2.1 Correction for Hammer Ratio and Relative Soil Density 


The hammer ratio (Rg) was calculated from (Lowe and Zaccheo, 1975): 
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p°- p? (3.1) 
ela 
where Dg and Dj are the outer and inner diameters of the sampling tube in inches 
(respectively); W is the hammer weight in lbs; and H is the distance of the hammer fall in 
inches. Relative soil densities of less than 50% were corrected using Equation 3.2. 

N (3.2) 
where Neg is the corrected value and N is the field value. This equation was derived by 


Budhu et al. (1987) from the graphs produced by Lowe and Zaccheo (1975). 
3.2.2 Normalization of Effective Overburden Pressure 


The effective overburden pressure is normalized to a value of 1 ton per square foot by 
(Liao and Whitman, 1985): 
N 160) = CaN 60 (3.3) 


where Cy is a correction coefficient equal to (07 '’”). 


3.3 Calculations of Liquefaction Potential 


A procedure for evaluating liquefaction potential on the basis of observed field 
performance data has been established by Seed et al. (1984). This method employs a 
correlation between sediment penetration resistance and the average cyclic shear stress 


ratio (%,,/0 )required for liquefaction. 
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To evaluate liquefaction potential by this method, a peak ground acceleration value (amax) 
for a design earthquake is selected and the average cyclic shear stress ratio value for each 


soil layer is calculated from 


7c o! (3.4) 


au Cl max 


“O68 ——f 2 
go 


where g is the acceleration due to gravity, 0‘ is the total vertical stress, o is the effective 


vertical stress and rq is an average stress reduction factor that decreases approximately 


linearly from a value of 1 at the ground surface to a value of 0.9 at a depth of 35 ft. 


Figure 3-1 shows the coordinate values of [ N 1 (60), (Tav/9)] for sites with similar average 
grain size which have liquefied. Coordinates of [ N j(60):(Tav/9)} that lie above the field 


performance curve will liquefy under an earthquake of magnitude 7.5. 


3.4 Liquefaction Probability 


Probabilistic models for evaluation of liquefaction potential have been developed by Liao 
et al. (1988) using regression analyses of SPT data from 278 sites at which liquefaction 
occurred. One of these models, the Cyclic Stress Ration (CSR) model assigns probability 
of liquefaction values to average cyclic shear stress ratio vs. corrected SPT curves. This 
model is similar to that of Seed et al. (1984) except that, rather than having one 
demarcation curve, there are now several curves each delimiting a different probability for 


liquefaction (Figure 3-2) 
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FIGURE 3-1 Seed’s (N1),,, CSR Relationship (Seed’s Criteria Plot) - Silty Sands (After 
Seed et al., 1984). 
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FIGURE 3-2a Liao’s (N1),,, CSR Relationship indicating Probability of Liquefaction 


(Liao’s Criteria Plots) - Clean Sands - Fines Content < 12% (After Liao et al., 
1988). 
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FIGURE 3-2b Liao’s (Ni),,, CSR Relationship indicating Probability of Liquefaction - Silty 
Sands - Fines Content > 12% (After Liao et al., 1988). 
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SECTION 4 
METHODOLOGY USED FOR LIQUEFACTION POTENTIAL MAPPING 


4.1 Data Collection 


A literature search was implemented through the on-line computer databases, GEO-REF, 
GEOBASE, and GEOARCHIVE at the National Center for Earthquake Engineering 
Research Office of Information Services. Newspaper articles documenting the local effects 
of past earthquakes were extracted from the Buffalo Courier Express (1929) and the 
Buffalo Gazette (1812). These newspapers were found in the Buffalo Historical Society 
archives. Geologic and engineering reports, and approximately 2,000 drilling logs were 
collected from several agencies (in particular, the United States Army Corps of Engineers, 
Buffalo District; Geotechnical Section, New York State Department of Transportation; 
City of Buffalo Department of Public Works; Engineering and Survey Divisions, City of 
Buffalo Sewer Authority; Empire Soils/Thomsen Associates, Inc.) in the greater Buffalo 


area, 


4.2 Representative Drilling Logs 


Approximately 500 drilling logs were chosen as representative borings (see location in 


Figure 4-1) and incorporated into a database by the following criteria: 


(1) Location with respect to the study area 


(2) Clarity of geologic description by drillhole logging personnel 
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CANADA. 


miles 


FIGURE 4-1 Test Boring Locations 
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Tmi=z1.6 km 


(3) Similarity of stratification and of N-values with other nearby boreholes 


Geographic coordinates were determined for each test boring using survey data and USGS 
quadrangle maps. Sediments were correlated by logged descriptions of textural 
composition and gradations, relative elevations, and mineralogic color ranges. Textural 
and sorting characteristics were determined from the Unified Soil Classification System 


and ASTM descriptions that were recorded on the drilling logs. 


4.3 Determination of Liquefaction Potential 


Potentially liquefiable sand deposits at depths of 50 feet or less and with N-values of 15 or 
less were extracted from the database. Soil layers with thicknesses less than one foot were 
not considered due to conventions of the SPT test (the N-value being the average number 
of blows for the last 2 of 6 inches of a full penetration of 18 inches). N-values were 
standardized to represent a hammer energy ratio of 60% (Ngo) and an effective 
overburden pressure of 1 ton/ft2 (Seed et al., 1984). Cyclic shear stress ratios were 
calculated according to Seed et al. (1983) using a peak seismic acceleration value of 0.15¢ 
(Algermissen et al., 1982). Coordinates of [ N 1 (60), Tav/0) ] were compared to type curves 
according to Seed et al. (1984) to determine liquefiability. Liquefaction probability values 
were determined by the critical stress ratio method of Liao et al. (1988), using an assumed 
average bulk unit weight of 110 Ibs./ft3. A liquefaction potential probability map has been 
produced essentially using the methods established by Seed et al. (1983) and the 
probability curves of Liao et al. (1988). The liquefaction potential map is divided into 


zones corresponding to arbitrarily selected descriptions of high, moderate and low 
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probability according to the following scheme. 


H high probability of liquefaction > 50% 
M moderate probability of liquefaction 10 - 50% 
i low probability of liquefaction < 10% 
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SECTION § 
ASSESSMENT OF LIQUEFACTION POTENTIAL 


Table 5-I presents a typical liquefaction potential and probability calculations for identified 
liquefaction susceptible locations. All of the susceptible sediments are of glaciofluvial 
origin with the exception of a pocket of loose sand north of the Buffalo Moraine. Figure 
5-1 is the liquefaction potential map for the study area. Examination of geologic conditions 
in the City of Buffalo according to criteria proposed by Youd and Hoose (1977) shows 
possible liquefaction opportunity for areas along the Buffalo waterfront and Buffalo River. 
Local seismic conditions and activities near the Clarendon-Linden fault zone and the 
occurrences of moderate intensity earthquakes in western New York and Lake Ontario 
appear to provide sufficient opportunity for liquefaction induced ground failure. 


Unconsolidated deposits of western New York partly meet the criteria for liquefaction 


susceptibility: 
1. The geologic age of unconsolidated sediments is Pleistocene or younger. 
2: The deposits appear to be loose sediments that were deposited by fluvial and 


glaciofluvial processes. 
3. The water table is generally very shallow near the waterfront and Buffalo 


River areas where liquefaction prone deposits are present. 


Our computations of liquefaction potential from the geotechnical data did not reveal any 
areas of high liquefaction potential. Approximately 3 square miles of the identified 


susceptible sites have moderate liquefaction probability. Except for a shallow pocket of 


stupindds as wos “s9¥ID FOS POY “SYID ism peuoppodep = ATTA 


BOL> St boy vores usd 20d Bids OINHosep Mops — SSN, Jo dou re boneaagg LIND 
BOS OOT STW soy iowyyu  “YOOD JdS OK} IVA Poyuuowsp AAT 
£0S<StH SSVID do onpea Aisuop huS-UT PPL] N~1LdS 2j4e) soupUoI Ft3) 
‘Orl Woods jo “GAUIP 9pISIKG NOOdS sode] opqetsonbyy SNL Gurusp SOSN) Peyet CARTS 

woponjonby Jo Kiypeyord "POU SSABLS Popedsns jo sux, YAAVT BOLBATPS Sowjans puny — "AUNS 

N Lds seors OATOO AD Wen ponisodop aS” (scorap g  SQNOT 

ONPAN LdS PoROOD = GS Saas OOTH > WoUMpes jo oFuueoteg =— SANTA Jo osuq or dog, AAV (svoropZ AAW 

FS1'g = onpRa (xe) UBIO (99) 

wo} ous tod spuncd OT] = 18a Nun poumusy (,) 

(L861) “Te P nYpag (q) 

(£861) “Ts P OMFy (8) 
Wo $800 £86 POD LOI «COOL = HW -AESR OT of opi Sstey  OS6r L800 OF WS  ¢t OZ OF OL6S C109 O29 LI-O-€¥-OFE SE'ts tS 6S 
WwW 8 $800 606 «= S90 BUEL «OE HHH «OT of ort OStipy OkLe igo OF AS bl OOL Of Tress ress ioe LI-GIN TBS tBZS 
W 2 9800 STI «990 6H BI S60 | MHEG ROT at Osz 6 36S> «Eo igo OS WS 0% O02 Ze Lis L'66S §=L°66S -6B-LNO-LOO 2E°TS Oss 
WO» pgO'O «BLE ZHO SSL SG6O)|©=— MHEG OT gi ost LEIS BPs 920 OF ws ¢ B8l «8 9P |= OLE = CLELS «=O HHS-9B-ENO~LOO SOUS BLS 
WOOF B80'0 «TLE L6H OE HESS O'S of Ort 9'609E — OF9E 060 OT dS ¢ oP OEE FESS OOLS o°9BS 8~d4Nn LEIS LUT 
1 i 980°O OSS 690 HIT ODE |= SO-HEHR OT oe Ort ESLIb  ORID 680 OF MS UZ $6 Ose LESS LESS Teas SI-WAN UL 18 [varas 
1 i 6800 BLS OL’ GRO SG )©=— D-ES BOOT at Ost GSOse o0zsE 660 OF MS %Z o> OTE = BSS P'ELG = w'BS —- T6-LNO~LOO 87'S SLU 
1 FP 0606 IfZI RO L6 rE OOl 90-FE6's OF of ov $'096% OL 6% 70 0 mS St 06 Ole «SPOS «$69 «SEBS |«TRELISSOM «1BZS Sots 
rT os B80°0  60'OE ZL°G RHEL «(OO O-HEGR OZ o£ ort Owae — ore 680 0S AS Pl O79 se OZSS GES 118s ZI-DE wees BHU 
Ww 6E v600 SSE BIL 66% GOL 9-HEER 0% oe as OLePL Obl 960 OF Ws ¢ 09 O'el LES LLSLBLE €I-G4N Spr SSUES 
Wo OSE 160°0 8EE «SRO SHE) 6 ESBS OOF oc ort BOBLE 08% T6008 WS SZ SST SOOS «=F OLE «=F BLE BRETISZOM «GOES Sots 
1 ! 060'0 «BOOE S8O PESE OOL r-HEHS 07 o€ orl Sphiz  OSLZ f60 OF MS 9 o'9 Ost  O79S SPOS OBS ei-lt $US Br'EE 
WOOT 0600 «0B: ISO 86H OOO O-HEHB OZ of as S'2L0€ OBE 760 OF MS Ol os Ose = SONS) OTSOS DERE Ti-@IN OSS ives 
iT { 060°0 « @ bl «180 LOLI OO 8=69-BE6R OT of Obl S'I90E ORE 760 OF AS Bl sb O8Z Liss OPS ZiBS €-GiN ass Shes 
Ww (Of 7600 «PSD BSD 669 OT WO AEGB OT o€ Obl O'L80Z 0607 r60 OF AS oL 09 Obl LL9S L195 LORS vi-Dy LVS Sees 
1 I 6800 «LBZ LEO SGOT ODT OEHR OT o€ Obl LPEEE — SSEE 160 OF MS k% ima soe feos L'6Ls 98s V-IGIN = ZEUS oP'es 
WOO 0600 «90'S sTBO 86H COT O-HEH'B O'R 0€ ort LL9OE OBOE 760 OL AS OI Op ost Less OOLs LERs 7-@4N Isis 6£°US 
W 8 r600 2OE «6 LOT 66S OE WOHEGS OT og Ovi SOL6I O86T $60 05 WS oft oe O8t £995 CPs E'TBS oD £O%S eores 
qt 680'0 PTET «BLO LOOT «(ONE WHS SOR of ob1 PSRZE O0EE 160 OT ms Li o9 OE PO9S OLS  dPBS te-PI segs ozs 
1 4 680° 62ST 180 LORI «OOO O-HEBS OS of op SLLOE —O80E we'G OL ds 61 os os~ «fess «LESS | EES @Z-dAN —-OLOF Beis 
q i 600 -G'DZ 86 9H HT «OOO HESS Oe ot opt OLLOZ 060% P60 OL MS SZ ot O6L LOS Wess LBL 82-4 ens seis 
WwW OS T6400 «POT = OTT, «OOTE «= CODE O-HEHS OT o¢ ori $6ssi  OLst £60 OF ws | oe OLT 6L95 69LS GIES 0-1 BLS LoS 
Wo 1600 «8b L8O 66E OOT 90-Hee8 O'% of Opt S'RZ9Z ONT £60 Ol AS oP 0°6 Ort £999 EELS E1BS LU-tl Leis eos 

(3) Las Su (ND (ND (saT) (48d) (e) (amid) Gag) Gab Gs Ga) CD ai 
@) OIF {ae} NidS Od OLLVYe do “rTva AHOIUM SSHULS SSTULS % (“‘SVID ANIA SNML 3SVd ‘ASTA ‘ASTA ‘ARTE FIOH Cw) (N} 

'SSVIO “GONd ¥SO WSIN BO “iS ‘“HxYOO WHAWYH NOOdS YSWAVYH YSWAVH “44S TVLOL Gu SANIT SOS N-IdS YAAVE WAAVT LIND AD ‘AWS quo “ONOT LVI 


“SUOTJENO[LD OY JO S[LeOp JOY 1x9} By) Gog “suONRIND[eD Aypiqeqosg voNoeonbr] “[-¢ FQ. 


a2 


boeeo go gwd 
beteareed 
oe ee ee 
oa ace oe 
a oe oe 
wee 
wee ekm pete 


peter teo gas 


ope sew see ge 
i ee ee ee | 


wT eotesto toga goad 
a 
te 


ee ey 
'-t¢ 7 @ @§$ © do § oF 
6+ ae 
‘ 
6* Ge & + 6 e Bw 8 


oe) 
fos 6» 6 


$e e+ Fe FE Hh ~ Fo Fw eo e* 
&@* § © & w go g 


a a ee aes 


aeoteoe wr te 


a a ee ee 


too 
Ly 
a ee ee ed 
ee 


Cr oe ee a a 


~ee beret 

- oe eee we Newsy 
ere wr tw ter & 

bee 

ee eo) 
ete ge 


-7-trteote owe! 


ee ee ee? 


4 
i ee a Y 


Ld i i i ee ee 


teen taae 
eters 
a 

¢ 

peheoge 


é 
- 


6 
*~e etme 


[i ee a ee ed ed 


-ereowe 
beoegnwe eae’ 


CANADA 


ee oe 
qr eo 


ew (6B BG 


“4 © ee ¢ 
ne ee ed 
betetre 


- 


- 
teepe aor egeo ee be Ne te ao 


a ee ee ee ee ed 
ae oa oe 


6+ 6 


$* 6 © the ¢ * & © 


b+ e+ 6 


8 
$+ ¢ 


@~ ore 
er oe oe ee) 
- 
@r7gea 


5 
qr tre 


Se ee 


+ 
+ 
73 
t 
- 
' 


LEGEND 


High; >50% 


: " Moderate; 
- x 10-50¥Y 


‘ 
REEREMAS. 


° . 
t 1 
- 
« 


Low; < 10% 


et eoagrangnrgea 
#er7e mero ewuers 
oe ew ee ge 

7"“teteoet--+ 

a oe ee ad 


a i a a ee: 


ee ee ee ee 
qe etre > Ho a oF 


ete toto t otf 


FIGURE 5-1 Liquefaction Potential Map. Shaded Zones Represent Categories of Li- 
quefaction Potential Corresponding to Liquefaction Probability. 
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loose sand near the Buffalo Moraine which is susceptible to liquefaction, the sandy deposits 
are generally dense and are not susceptible to liquefaction. Probable liquefaction potential 
exists in areas of dumped fill along the Lake Erie shoreline and Buffalo River. This fill is 
in a loose condition and comprised of river and harbor dredgings, etc. SPT measurements 
in heterogeneous fills are of questionable value for use in liquefaction calculations and as 
such we suggest that caution be exercised in the interpretation of the moderate liquefaction 
potential obtained for the fill site between Lake Erie and the Buffalo River (compare 
Figure 3-2 with Figure 5-1). Much of the City has negligible liquefaction potential owing to 
the glaciolacustrine origin of surficial deposits and the preconsolidation of granular 
sediments by glaciation. Gravelly sands existing near the bedrock surface are not 
susceptible to liquefaction because of their high density, size (coarse) and high confining 
pressures due to the depth of burial. The ability of soft clays to amplify strong ground 
motions causing localized liquefaction of the seams and lenses of sand interbedded 


between the clay sediments was not considered. 
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SECTION 6 
CONCLUSIONS 


Although an examination of local seismicity shows sufficient seismic opportunity for 
earthquake-induced liquefaction in Buffalo, the potential for liquefaction of the 
cohesionless sediments is low. An area about 2 square miles of moderate liquefaction 
potential (probability between 10% and 50%) exists between Lake Erie and the Buffalo 
River. This part of Buffalo consists of loose waterfront fills, and we have doubts about the 


applicability of current liquefaction-potential methodology to these deposits. 
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APPENDIX A 
A LISTING OF HISTORICAL EARTHQUAKES LOCATED IN 
NEW YORK STATE (FROM STOVER ET AL, 1981) WHICH 
OCCURRED BETWEEN 1737 AND 1977 
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